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Abstract/Synopsis

Preparation   and   Characterization   of   AgInSe2 films   for   Photovoltaic Application

               The  increase  in world energy consumption and  limited availability of  fossil  fuels has made  the  renewable  energy  sources  the most discussed  issue  these days. There are several renewable energy sources such as solar energy, wind energy, rain and geothermal energy etc. Among, these, solar energy is identified as the best renewable energy source due to its longevity, cost effectiveness and clean properties. Harnessing of solar energy  for  significant  technological  applications  is  another  cause of  great  concern as  it require  materials  that  have  a  high  ability  of  solar  energy  collection  and conversion. Therefore a wide variety of materials  such as Si , CdSe, CdS, CuInSe2 etc have been used for fabrication of solar cells with high conversion efficiency. Although silicon with 22 % efficiency has been and remains the traditional solar cell material of choice but its high cost and fragility reduces its residential applications. Cadmium based solar cells are also  considered  in  commercial modules  due  to  their  high  efficiency  of  upto  19 %,  but highly toxic nature of Cd limits its  applications due to the adverse effects that it can have on  the  environment  and  human  health.  Therefore, developing alternatives to severely toxic cadmium-containing materials have been a prime issue in the research field of solar cell.  In this direction, chalcopyrite compounds have been found to be active absorbing material in some of the highest performance thin film photovoltaic devices. In this family CuInGaSe2  (CIS)  is  being  used  in  commercial modules  as  it  shows  13%  efficiency  in modules and 19.9% efficiency at  laboratory  scale. Unlike other  thin  film photovoltaics, the  chalcopyrite  based  modules  show  an  excellent  long  term  stability  when  properly encapsulated and almost no degradation over a period of 17 years. However high melting point, low band gap (1.1 eV) and shortening  effect due to leakage of  copper from copper based  chalcopyrite  as  reported  in  literature  limits  its  use  as  a  potentially  efficient material. Therefore  another  chalcopyrite  compound AgInSe2  (AIS) which  has  comparatively low  melting  point  (850°C)  and  higher  band  gap  value  (1.20  eV)  than  CIS  can  be potentially used  as  an  alternative material  for  solar  cell,  IR Detector  and  light  emitting diode applications. The ternary compound AIS, a representative of   AIBIIICVI 2     chalcopyrite with c/a ratio approximately equal to 2, is one of the zinc blende type material. However, the unit cell is tetragonally distorted with distortion parameter x = 2 − (c/a). The uppermost valance band in AIS is influenced by the presence of silver (d block) element resulting in three fold transitions.  In recent years, several workers have studied AIS films prepared by different techniques such as  thermal evaporation, solution  route, sputtering etc. However in  spite  of  achieving  appreciably  good  results,  the  inherent  drawbacks  such  as  high temperature processing resulting in loss of stoichiometry and lack of epitaxial in AIS films limits the level of efficiency required for the fabrication of solar cells. Keeping these facts into consideration, investigation have been planned to characterize silver based ternary  chalcopyrite  (AIS)  films  for photovoltaic  applications. In the present work AIS powder was synthesized by Bridgman technique. The films were deposited  by  thermal  evaporation,  hot  wall  method  and  Kr F  pulse  laser  ablation techniques onto  the glass and Si substrates under different experimental conditions. Hot wall technique has advantages as it works near to thermo dynamical equilibrium and helps in low temperature growth.  The  laser  ablation  is  exploited  because  of  its  simplicity, composition  reproduction,  versatility,  cost/effectiveness  and  thickness  control. The structural properties of AIS films were studied by X-ray diffraction (XRD), atomic force microscopy  (AFM)  and  field  emission  scanning  electron  microscopy  (FESEM). Composition of the alloy and the prepared films was investigated by EDAX attached with FESEM.  Optical  properties  of  AIS  films  have  been  investigated  by  absorption  and reflection  spectra using UV/VIS/NIR  spectrophotometer. The electrical properties were investigated  by  Keithley  (6517)  electrometer. 
                The XRD measurements of thermally evaporated films show that as  deposited films  were of  nearly amorphous nature. The films deposited at higher substrate temperature shows high degree of crystallinity and better crystal perfection. The AIS chalcopyrite show two band edges which has been explained due to fundamental transition and transition originating from crystal field split level. Substrate choice also appears to affect the properties of films and originated the epitaxial region. Hot wall  grown films show high texture in (112) direction suggesting single phase growth at 408 K. Such a low processing temperature for AIS films was not reported earlier and opens the possibility of growth of highly crystalline layers on flexible and already processed substrates. The  heteroepitaxial  AgInSe2  layers  have  also  been  prepared  on  Si  (100)   substrate by hot wall method. XRD results reveal that the AIS films appear to be highly textured  along  (400)  direction  and  show  comparatively  high  degree  of  crystallinity  as compared to those obtained by thermal evaporation technique. It is interesting to note the  disappearance  of  (112)  peak  completely  which  was  the  dominant  peak  in  AIS  films grown  on  glass  substrate. 
                The films deposited by KrF pulse laser deposition onto the glass and Si substrate kept at room temperature indicate amorphous nature. While films prepared at 473 and 573 K appears  to   be preferentially  textured  in  the (112) direction. Densely packed grains of nearly spherical shape of around 8 nm size are exhibited by the AIS film grown at 573K. Observations  reveal  that  the  intensity  and  sharpness  of  the  peaks  corresponding  to  reflections  from  the  (112),  (220),  (008)  and  (119)  planes  increases with  an  increase  in  substrate  temperature,  thus  indicating  an  improvement  in  crystallinity  and  crystal perfection. The other studies like AFM, SEM and electrical measurement were in agreement with XRD data. 
            The modification in AIS  films has  been studied  using  200 M eV Ag+ ion beam. The growth of densely distributed one dimensional nanostructures  (nanorods)  is noticed in  case  of  Ag+  ion  beam  irradiated  thermally  evaporated  AIS  films  deposited  on  Si  substrate. These rods contain mixed phases of  AgIn5Se8 and AgInSe2 as evident from X-ray analysis. The silicon substrate peak disappears after irradiation which may be due to its amorphization. The band gap value of  irradiated AIS  film  is  found  to be 1.35 eV as  measured from reflectance data which matches exactly with  the solar spectrum maxima. Also AFM of these samples reveal that the irradiated fluence has smoothen the sample to some extent. Hot wall grown samples irradiated with 200 M eV  Ag+ swift heavy ion  at room temperature show transformation from single phase to complete amorphous state. It has been observed  that  the 5X1010  ion/cm2  fluence of Ag+   is sufficient to damage the AIS  lattice.  It  results  the  formation  of  phases  corresponding  to  AgIn5Se8  (121)  and orthorhombic  phases,  which  further  disappear  when  exposed  to  higher  doses.  It is observed that  the samples are completely damaged after  irradiation with 200 M eV Ag+ swift heavy ion with fluence more than 5 X 1010  ion/cm2 . The optical transition appear to decrease  to  1.15  and  1.56  eV    which may  be  due  to  increase  in  defects.  In  addition  irradiated samples show decrease in conductivity, mobility and a small increase in carrier concentration  which  is  explained  due  to  disorder  and  Ag/In  vacancy.  Thus, these investigations  indicate  that  the  hot  wall  grown  samples  are  not  suitable  for  space applications as they show amorphization with high energy radiations/ions. 
             Keeping  in  consideration  the  above  properties  of AIS,  films  an  attempt  has  been made  to  fabricate  Si/AIS/Ag  heterojunctions  for  solar  cell  application.  The JV characteristics for Si/AIS/Ag are in good agreement with standard diode equation. Typical parameter  like  open  circuit  voltage,  short  circuit  current  density,  fill  factor  and  power conversion efficiency have been calculated for the heterojunctions. An efficiency as large as  9.1  %  is  obtained  for  the  Si/AIS/Ag  heterojunctions  grown  by  PLD,  which  is  comparatively higher than that reported earlier for AIS based solar cell prepared on ZnS  and CdS. This may  be  due  to  the  better  collection  efficiency  arisen  because  of  lattice, thermal and electron affinity match of AgInSe2 with oriented  silicon wafers. Hence,  the  investigations carried out not only help  to prepare and characterize  the AIS material but will also pave way  for possible  fabrication of electronic devices based on silver  indium selenide.



